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Introduction
Des-γ-carboxy prothrombin (DCP) is a prothrombin precursor produced in hepatocellular carcinoma (HCC). DCP lacks the activity of interacting with other coagulation factors [1, 2] . Since Liebman et al. reported an elevated plasma DCP in patients with HCC, DCP has been considered as a specific marker for diagnosis of HCC [3] [4] [5] [6] . Elevated serum DCP levels have been found in 44-81% of HCC patients [4] . High level of DCP has been considered to be associated with large tumor and recurrence of HCC. Recent studies have shown that DCP might play important roles in the development of HCC. A significant association between an elevated DCP level and worse tumor behavior has been established [7] . From these studies, we suggest that, after secretion from HCC, DCP might work as an autologous growth factor for HCC growth and as a paracrine interaction factor between HCC and vascular endothelial cells to further stimulate HCC progression [8] . In this paper, we summarized recent studies on the characteristics of DCP, the significance as a diagnostic marker and its biological roles related to cancer progression and angiogenesis in HCC.
The structure of DCP
DCP is the prothrombin precursor maintaining some glutamic acid (Glu) residues in the N-terminal domain [9] . In hepatocyte, prothrombin is synthesized depending on the presence of vitamin K-dependent γ-glutamyl carboxylase [10, 11] . As shown in Fig. 1 , in human prothrombin structure, there are ten γ-carboxylated glutamic acid (Gla) residues in the N-terminal domain, which are called Gla domain. These Gla residues are originally glutamic acid (Glu) residues in prothrombin precursor. The ten Glu residues are respectively at the positions of 6, 7, 14, 16, 19, 20, 25, 26, 29, and 32 in N-terminal domain [1, 12] . In hepatocyte, these Glu residues must be converted into Gla residues before prothrombin obtains the coagulation activity. This conversion is the process of post-translational modification of prothrombin in the lumen of endoplasmic reticulum [13] . However, in HCC cells, there may occur vitamin K deficiency or vitamin K antagonists, leading to lower activity of γ-glutamyl carboxylase [14, 15] . HCC cells are therefore unable to completely carboxylate these Glu residues into Gla, resulting some Glu residues leaving in N-terminal domain. These proteins are called prothrombin precursors or des-γ-carboxy prothrombin (DCP). Moreover, these 10 Glu residues did not completely carboxylate to Gla. Thus, DCP might contain various variants (DCPs) [16] . The occurrence of these DCP variants seems to be characteristic and, consequently, we hypothesize that the progression of des-γ-carboxylation in HCC cells is not accomplished by single steps, and that it rather advances rapidly through two to three stages instead.
Currently, an important issue is that how many Glu residues are present in DCP protein. By using immunoaffinity chromatography, Liska et al. indicated that it is unlikely that the enzyme acts to randomly carboxylate the 10 potential Gla sites [17] . It is assumed that the 10-Gla residues might be γ-carboxylation from N-terminal domain following the sequence of residues 26, 25, 16, 29, 20, 19, 14, 32, 7 and 6 (Fig. 1 ). This process of γ-carboxylation proceeds three-dimensionally from the inside to the outside of the Gla-domain, with S-S binding then occurring at the positions of 17 and 22 from the N-terminal [12, 18] . It is apparent that there is a wide difference in the degree of carboxylation between different Glu residues and when carboxylation is more or less complete. The more amino-terminals of those residues are, the more the carboxylation is complete [12, 17] . According to the number of Gla and their positions, DCPs have various variants and the number of Gla is related to their biological activity [19] . Using the technology of the reverse-phase high performance liquid chromatography (HPLC), Uehara et al. separated different DCP variants during the processes of prothrombin biosynthesis [20] . They then established a relationship between the number of the carboxylated Glu residues and their biochemical functions in these DCP variants. The results revealed that the progression of HCC is not only related to high level of Cellular Physiology and Biochemistry plasma DCP, but also with the number of DCP variants. For example, HCC patients with high content of Glu residues might have contracted more progressed disease [20, 21] . Liebman et al. found that the hepatoma-associated DCP contained an average of four to five or more Glu residues per molecule as compared to less than four Glu residues per molecule of DCP separated from the benign liver diseases. Further studies indicated that these DCP variants might have different biochemical functions in the progression of HCC [16] . However, these functions behind different DCP variants are still far from being defined. It is well known that normal prothrombin exerts its activity of coagulation through binding with calcium [22] . This binding is mostly dependent on the structural integrity of prothrombin. Further analysis indicated that Gla residues at the positions of 16, 26 and 29, through their interactions with calcium ions, which might be essential for the preservation of the structural integrity of the domain [18] [19] [20] . Because DCP might contain Glu residues at the positions of 16, 26 and 29, it is therefore unable to perverse the conformation necessary binding to the phospholipid surface where prothrombin activation occurs even if calcium ions are present [18, 20] . As number of Gla residues decreases, the coagulant activity is thought to be gradually lost, in particular, with less than 3 Gla residues of DCPs [18, 20] .
The causes and mechanisms of DCP production
The causes and mechanisms of DCP production are poorly understood. Some studies revealed that DCP is not only found in the HCC tissues, but also in the non-cancer tissues surrounding HCC and even in some benign liver diseases, such as acute hepatitis and chronic hepatitis [20, 23, 24] . These observations imply the complicated causes and mechanisms of DCP production. The following analysis of recent studies might provide some clues for understanding the mechanisms of DCP synthesis in HCC tissues. Firstly, hypoxia in the HCC tissues might result in the increase of synthesis of DCP [25, 26] . It is well known that hypoxia often occurs in the HCC tissues [27] . Hypoxia could induce epithelial-mesenchymal transition (EMT). In the HCC tissues, hypoxic stimulation might disrupt fine filamentous actin network, which has a crucial role for clathrin-mediated endocytosis of vitamin K. Therefore hypoxia stimulation followed by EMT might cause the impairment uptake of vitamin K and then induce DCP production [27, 28] . Further studies suggested that DCP production was associated with high expression of hypoxia-inducible factor (HIF)-1α in the HCC tissues and the non-cancer tissues surrounding HCC tissues [20] . Suzuki et al. found that both severe hypoxia with nutrient deprivation and HIF-1α transfection could lead to high level of DCP [26] . Secondly, the phenotypic changes of HCC cells might cause DCP production [26] . In hepatocyte, the 10 Glu residues must be converted into Gla residues before prothrombin obtains coagulation activity. These Gla residues were carboxylated in order from N-terminal (residues 26, 25, 16, 29, 20, 19, 14, 32, 7 and 6) . If less than 10 Glu residues convert to Gla residues, the protein is called DCP.
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Several studies showed that the cytoskeletal rearrangement in HCC cells might be associated with the cause of DCP production [29, 30] . During the phenotypic conversion of HCC cells, the action of cytoskeletal rearrangement might lead to the impairment of vitamin K uptake. High level of DCP was thus always detected in these HCC cells [31] . Whatever the causes, the following suggestions have been widely accepted as possible mechanisms of DCP production.
Decrease of γ-glutamyl carboxylase in HCC cells
It is well known that vitamin K-dependent γ-glutamyl carboxylase plays a key role in converting prothrombin precursor into prothrombin with vitamin K epoxide reductase (VKOR) as cofactor [32] . This conversion is the process of posttranslational modification in the lumen of endoplasmic reticulum in normal hepatocyte. However, in HCC cells, γ-glutamyl carboxylase might be deficient, resulting in deficiency of converting prothrombin precursor into prothrombin (Fig. 2) . In clinic studies, Yamagata et al. examined the contents of γ-glutamyl carboxylase and DCP in the HCC tissues. The results revealed that the activity of γ-glutamyl carboxylase per unit amount of endogenous microsomal prothrombin precursor markedly decreased in the HCC tissues as compared with the non-HCC liver tissues [33] . In animal experiment, Shah et al. examined the levels of γ-glutamyl carboxylase in the Morris hepatoma tumor bearing in rat models. The result showed that the DCP-positive HCC tissues contained lower level of γ-glutamyl carboxylase than that of the DCP-negative HCC tissues [34] . Similar results were observed in many other experiments in the DCP-producing and non-DCP-producing hepatoma cell lines [35] . In addition, a recent study showed an over expression of a splice variant of γ-glutamyl carboxylase in the DCP-producing HCC cell lines [36] . However, the roles of this splice variant of γ-glutamyl carboxylase have not been understood during the synthesis of DCP in HCC.
Vitamin K deficiency in vitamin K cycle in HCC tissues
Vitamin K is a fat-soluble essential vitamin. The only known of its role is as a co-factor for γ-glutamyl carboxylase [37] . During the γ-carboxylation of Glu residues in lumen of endoplasmic reticulum, vitamin K is converted from active form to vitamin K 2,3-epoxide, which must be recycled to the active form by vitamin K epoxide reductase (VKOR) to maintain coagulation cycle [38] . However, vitamin K was found at a lower level in HCC tissues as compared with normal liver tissues [39] . A clear correlation between vitamin K deficiency and DCP production existed in the HCC tissues [40, 41] . Moreover, administration of warfarin, the vitamin K antagonist, could also stimulate DCP production in the HCC tissues [42] . We therefore suggested that vitamin K deficiency or vitamin K antagonist might antagonize VKOR or prevent vitamin K recycling, leading to decrease of γ-glutamyl carboxylase (Fig. 2) . This hypothesis was supported by many data in our group and other clinical observations. In our group's study, HCC cell lines PLC/PRF/5 and HepG2 were exposed to vitamin K 2 for different times. The level of DCP in supernatant of cell culture was determined by an electrochemiluminescence immunoassay. The results showed that Vitamin K 2 (2-40 μM) significantly decreased DCP production [43] . Importantly, the effect of vitamin K 2 on DCP production was observed in nude mice bearing HCC xenografts. As a result of vitamin K 2 administration, the capacity of HCC xenografts was obviously inhibited [43] . In clinical studies, Ishizuka et al. evaluated the effects of menatetrenone, which is a vitamin K 2 analog, on recurrence of hepatocellular carcinoma after surgical resection. Menatetrenone had a moderate inhibitory effect on HCC recurrence and DCP production. In contrast, high levels of plasma DCP were detected in HCC patients with no vitamin K administration [44] . Vitamin K 1 might also possess the activity of decreasing DCP production. Injection of vitamin K 1 strongly reduced the levels of plasma DCP, with 93% of patients showing tumor marker responses by decreased DCP levels [45] .
Overproduction of prothrombin in HCC tissues
Some reports revealed that high level of DCP production was always related to overproduction of prothrombin in the HCC tissues. Ono et al. examined the ratio of prothrom- bin and DCP production in the HCC tissues by the immunoreactive staining assay. A correction between high levels of prothrombin and the elevated DCP was observed. Further study found lower level of γ-glutamyl carboxylase per unit amount of endogenous prothrombin precursor in the HCC tissues in comparison with the non-HCC liver tissues [46] . In HCC cell lines huH-1 and huH-2, which produced large amounts of DCP, high level of prothrombin was determined [47] . The possible mechanisms of DCP production in HCC are suggested in Fig. 2 .
The significance and marker for HCC diagnosis
As one of three most common markers, DCP has been used for diagnosis of HCC. Other two plasma markers are alpha-fetoprotein (AFP) and Lens culinaris agglutinin-reactive fraction of AFP (AFP-L3) [4, 48] . Mountains of reports have been issued to describe the clinical significance of HCC markers [49] . In addition, these markers are also used for monitoring treatment responsiveness and tumor recurrence. High level of plasma DCP has been considered to be associated with large size of HCC. Tumor recurrence and metastasis are more frequent in patients with positive DCP than in patients with negative DCP. Plasma DCP level is usually determined by the enzyme immunoassay. For initial versions of the assay, the lower limit of detection is 0.0625 AU/ml (AU, arbitrary unit; 1 AU is equivalent to 1 mg/ml of prothrombin). The cut-off level was set at 0.1 AU/ml (100 mAU/ml) [4, 50] . By this assay, 44-81% of HCC patients could be diagnosed. However, among these patients, only 15-30% with HCC < 3 cm in diameter was detected [4, 51] . To improve its specificity and sensitivity, some revised enzyme immunoassays were developed. For example, by using 19B7 or MU-3 antibodies both reacted to 1-, 3-and 4-Gla DCP, the 1-, 3-and 4-Gla variants by HCC cells, the cut-off serum DCP level is set at 40 mAU/ml [52, 53] . This revised cut-off level could improve the rate of early detection of HCC small less than 2 cm in diameter [53] . According to recent reports, this revised enzyme immunoassay has a sensitivity of 48-62% and specificity of 81-98% for determination of patients with HCC [4] . Fig. 2 . The production of normal prothrombin and DCP in hepatic cells. In normal conditions, γ-glutamyl carboxylase completely converts the 10 Glu residues in Gla domain of prothrombin precursor to 10 Gla residues in the presence of vitamin K as a co-factor. In abnormal conditions, because of low activity of γ-glutamyl carboxylase or vitamin K deficiency, γ-carboxylation might be insufficient, leading to some Glu residues in Gla domain. If less than 10 Glu residues are converted to Gla residues, the protein is called DCP.
An important issue is that whether DCP is superior to AFP in diagnosis of HCC. AFP has been considered as an ideal marker for diagnosis of HCC from the 1960s [4] . AFP could also be used for monitoring the treatment efficacy and recurrence of HCC [54] . Previous studies indicated that combination of two or three HCC markers might greatly improve the sensitivity and diagnostic accuracy [55] [56] [57] . In fact, the mechanisms of DCP and AFP are mutually independent and therefore the differences in diagnosis of HCC exist between these two markers. Firstly, the levels of DCP and total AFP did not correlate either positively or negatively with each other in the same patients [58] . Secondly, as compared to AFP, DCP might be more specific as a marker for HCC because other liver diseases rarely give rise to DCP. But, the accuracy of DCP might be diminished in prolonged obstructive jaundice, intrahepatic cholestasis with vitamin K deficiency, and intake of warfarin and even some antibiotics [4] . Thirdly, DCP might be a better marker than AFP in detecting early stage of HCC with tumors smaller than 2 cm [4, 59] . Fourthly, the half-life of plasma DCP around 40-72 hours is much shorter than that of AFP around 5-7 days. DCP thus reflects treatment effect in a timelier manner [4, 60] . Finally, unlike AFP, plasma DCP level is considered to correlate to the stages of HCC as well as survival. High levels of DCP might be associated with higher rate of intrahepatic metastasis, portal vein tumor invasion and hepatic vein tumor thrombosis etc [4, 61] .
The stimulator of HCC growth and invasion
As described above, high level of DCP was described to associates to larger tumor size, invasion and metastasis and even recurrence of HCC. However, the molecular basis for these observations has rarely been understood. Recently, malignant progression and metastasis of HCC has been shown (by us and others) to be associated with the activation of abnormal signaling pathways by DCP. In these studies, DCP was described as an important autologous growth factor to stimulate HCC growth and also a paracrine interaction factor between HCC cells and vascular endothelial cells to further increase angiogenesis.
DCP activation c-Met phosphorylation might be the fundament for trigger various cellular events related to HCC progression
Immunohistochemical analysis showed that high levels of c-Met, especially phosphorylated c-Met, were always associated with the DCP-positive HCC tissues [62] . Many clinical studies indicated that concurrently expressions of DCP and phosphorylated c-Met are mostly exhibited the progressed HCC [63] . In our study, we observed high levels of phosphorylated c-Met in the HCC cells following DCP stimulation. In HLE and SK-Hep which are the DCP-negative cell lines, DCP with 10-160 ng/ml for 24 h exposure significantly increased the expression of the phosphorylated c-Met by up to 106.2%. Its downstream signals such as EGFR and MMPs were consequently activated [64] . In response to DCP stimulation, DNA synthesis was activated, and the proliferation and migration of HCC cells were consequently increased. In these activated downstream signals, the activation of the phosphorylated-EGFR is crucial for the progression of HCC. Activation of EGFR might provide basic drive for binding many ligands such as epidermal growth factor, TGF-a, amphiregulin b-cellulin, heparinbinding EGF-like growth factor, and epiregulin. Such binding could lead to activation of many other biochemical and physiological responses involving in mitogenic signal transduction in HCC cells. Further analysis indicated that c-Met is a high affinity tyrosine kinase receptor for hepatocyte growth factor (HGF). HGF has been identified as the ligand for c-Met [65] . Inagaki et al. showed that activation of c-Met phosphorylation in HepG2 cells induced by DCP was always correlated with the proliferation of HCC [62] . Suzuki et al. indicated that DCP might bind with c-Met at Tyr1234/1235 site [66] . This binding might be a critical step for activation of the kinase cascade in the following signaling pathways. Because of this binding, the phosphorylation of c-Met might interact with HGF and then lead to autophosphorylation of multiple tyrosines, which recruit several downstream signaling components, such as [66] . In response to these activated signals, HCC may occur growth, invasion and metastasis. Using SU11274, c-Met inhibitor, to neutralize c-Met phosphorylation, the proliferation and invasion of HCC were inhibited [66] . We thus suggest that activation c-Met phosphorylation by DCP might be fundamental for HCC progression.
DCP stimulates HCC growth through the DCP-Met-JAK1-STAT3 signaling pathway
As described above, binding of DCP with c-Met could lead to activation of multiple tyrosines to trigger various cellular events, including HCC proliferation. Suzuki et al. in their recent studies indicated that activation of the DCP-c-Met-Janus kinase 1-STAT3 (Janus kinasesignal transducers and activators of transcription) kinase cascade might be an important signaling pathway involving in stimulation of HCC growth [66] . When Hep3B and SK-Hep-1 cells were exposed to DCP, the ability of DNA synthesis was significantly stimulated. Further analysis indicated that DCP binding with c-Met was in Tyr1234/1235 site and therefore caused c-Met autophosphorylation. Luciferase gene reporter analysis indicated that this binding of DCP with c-Met could further induce STAT3 activation and therefore lead to transcription [66] . On the other hand, using STAT3 inhibitor peptide and siRNA against STAT3, the STAT3-induced transcription as well as DCP-induced cell proliferation was abrogated [66] . Thus, DCP-Met-JAK1-STAT3 kinase cascade might be a major signaling pathway in stimulation of HCC growth.
DCP induces matrix metalloproteinase activity and HCC invasion through ERK1/2 MAPK signaling pathway
Invasion and metastasis, especially intrahepatic metastasis, are the main factors that are responsible for poor prognosis of HCC. High levels of DCP have been found to be associated with invasion and metastasis of hepatocellular carcinoma, portal vein tumor invasion, hepatic vein tumor thrombosis [67] . In our study, DCP was found to possess the activity of stimulation HCC release matrix metalloproteinase (MMPs) [64] . When HLE and SK-Hep cells were exposed to DCP, the ability of migration and invasion of these cells through the Matrigel were significantly increased, indicating the degradation of MMPs. The gelatin zymography and Western blot analyzed the supernatants of the cultured HCC cells, showing that DCP degraded and stimulated HCC release of MMPs, mainly MMP-2 and MMP-9. The levels of released MMPs were well correlated with the increases of phospho-c-Met expression and autophosphorylation of EGFR. These results suggested that DCP might play important roles in stimulation of HCC growth, invasion and metastasis. Activation of the ERK1/2 MAPK kinase cascade might be the response to DCP stimulation. It is well known that the mitogenactivated protein kinases (MAPKs) are a widely conserved family of serine/threonine protein kinases involving in many cellular programs such as proliferation, motility, differentiation and invasion. The p44/42 ERK1/2 MAPK kinase cascade can be activated in response to a diverse range of extracellular stimuli including mitogens, growth factors, and cytokines. Our studies in HLE and SK-Hep cells revealed that DCP could activate p44/42 ERK1/2 phosphorylation as early as 5 min and reached its maximum expression at 120 min [64] . We thus suggested that ERK1/2 might be a downstream component of an evolutionarily conserved signaling module that is activated by the Raf serine/threonine kinases. Raf activates the MAPK/ERK kinase (MEK)1/2 dual-specificity protein kinases, which might activate ERK1/2. Based on these suggestions, we measured the expressions of phosphorylation-MEK1/2 (Ser217/221) and phosphorylationc-Raf following DCP stimulation. Additionally, the Raf-MEK-ERK pathway is a key downstream effector of Ras small GTPase, while Ras is a key downstream effector of EGFR. Activation of the Raf-MEK-MAPK signaling pathway may depend on phosphorylation of EGFR. Accordingly, the internalization of phosphorylation-EGFR might occur during the short time of DCP stimulation. To block ERK1/2 MAPK signaling pathway with ERK1/2 inhibitor PD98059, the DCP-induced MMP-2 and MMP-9 activity was abolished and the levels of phosphorylation-c-Met and EGFR were significantly decreased [64] . We 
The roles of DCP in angiogenesis of HCC
HCC is mainly a hypervascular tumor and the progression of invasion and metastasis is highly correlated with angiogenesis. Angiogenesis is an important event to support continuous growth of HCC tissues and worsening tumor behavior. Angiogenesis actually starts with cancerous cells releasing angiogenic factors secreted from tumor cells, vascular endothelial cells, and infiltrating cells. These angiogenic factors might further stimulate the proliferation and migration of vascular endothelial cells, leading to the formation of solid endothelial cell sprouts in stromal space [68] . Currently, dozens of molecules have been identified in HCC angiogenesis, such as EGFR, VEGF, FGF, TGF-α, bFGF and MMPs etc. Recent studies suggested that DCP might be a novel angiogenic factor to function through affecting the production and release of angiogenesis-related molecules in HCC cells or vascular endothelial cells [69, 70] .
DCP increases microvascular density (MVD) in HCC tissues
In a comparative study by Matsubara et al. showed that high levels of plasma DCP were well correlated with the intratumoral microvascular density (MVD) and tumor size in the HCC tissues [71] . Immunohistochemical analysis indicated that the levels of DCP and phospho-KDR were significantly higher in the hypervascular HCC tissues than in the hypovascular HCC tissues [71] . Our study revealed that DCP was efficient to stimulate the proliferation and migration of human vascular endothelial cells (HUVECs) through the reconstituted extracellular matrix [72] . When HUVECs were exposed to DCP, many angiogenic factors, such as EGFR, VEGF and MMPs, were significantly increased and that the tube formation of HUVEC on the 3-D Matrigel was activated. We examined the expressions of angiogenic factors in the HCC xenografts bearing in nude mice and found that in the DCP injected mice, the size of HCC xenografts was obviously increased as compared with the control mice. Immunohistochemical analysis showed the high levels of VEGF, TGF-α, and bFGF as well as high MVD in these HCC xenografts [71] . We therefore considered DCP as a novel angiogenic factor for stimulation of HCC growth.
DCP-KDR-PLC-γ-MAPK might be a signaling pathway in angiogenesis
As described above, DCP could increase the release of angiogenic factors from both HCC cells and vascular endothelial cells. Among these molecules, VEGF might play a major role as it robustly stimulates proliferation, migration, and morphogenesis of vascular endothelial cells. By using immunoprecipitation technique, Fujikawa et al. found that DCP's actions might result from its activity of directly binding with KDR, the cell surface kinase insert domain receptor in vascular endothelial cells. KDR may also play its function as vascular endothelial growth factor receptor-2 [8, 73] . Based on these discoveries, we consider that DCP might play the roles very similar to VEGF. DCP could induce autophosphorylation of KDR, its downstream effector phospholipase C-γ (PLC-γ), mitogen-activated protein kinase (MAPK), and subsequently increase DNA synthesis and cell migration. Using KDR short interfering RNA, KDR kinase inhibitor, or MAPK inhibitor, the DCP-induced cell proliferation and migration were blocked [8] . It is thus reasonable to suggest that DCP might stimulate HCC angiogenesis through activation of the DCP-KDR-PLC-γ-MAPK signaling pathway. These findings provide us a reason to understand the mechanism of DCP as a paracrine factor in integrate HCC with vascular endothelial cells in the progression of HCC.
Other possible kinase cascades related to angiogenesis DCP might stimulate angiogenesis in HCC through activation of many other kinase cascades. We found that DCP could induce angiogenesis through activation of MMPs, including MMP-2 and MMP-9 in both HCC cells and vascular endothelial cells [63, 71] . We suggest that the activated vascular endothelial cells by DCP might stimulate these MMPs to break down extracellular matrix (ECM) toward the source of angiogenic stimulus for proliferation and migration of HCC. The activated MMPs in vascular endothelial cells might release the sequestered angiogenesis factors, such as EGFR, VEGF, FGF, TGF-α and bFGF, to further stimulate capillary tube formation. It is well known that the activated MMP-2 has a great affinity for fibronectin, laminins, elastin, and collagens, degrading them and promoting endothelial cell invasion into the surrounding interstitial matrix. MMP-2 may also activate such factors as mitogenic factors including EGFR, VEGF, FGF-2 and TGF-b during the degradation of ECM. At the same time, angiogenic factors released from HCC cells might integrate with vascular endothelial cells to further stimulate angiogenesis. Therefore, activation or release of MMPs from HCC cells and vascular endothelial cells after DCP stimulation might be a critical step to trigger other kinase cascades related to angiogenesis. Further study should be conducted to elucidate the mechanisms of these kinase cascades in HCC angiogenesis.
The roles and mechanisms of DCP in HCC growth, invasion and angiogenesis are summarized in Fig. 3 .
Conclusion and future perspectives
Early diagnosis and proper therapeutics are always the most important factors to improve survival rate for cancer patients in current medical treatment. Although some multi-targeted kinase inhibitors like sorafenib have been used for treatment of HCC, they provided limited benefit with lower response rates for most of patients [74] [75] [76] . DCP has been determined as a very specific marker for diagnosis of relatively early stage of HCC. DCP has now been found to play important roles in stimulation of HCC growth and angiogenesis. Although many issues have still been poorly known, some signaling pathways behind DCP action have been revealed. These findings have provided some crucial clues to investigate DCP If these signaling pathways can be blocked by DCP inhibitor, the progression of HCC might be inhibited. However, constructing DCP inhibitors will not be simple because its three-dimensional conformation has not been fully understood up to now. Moreover, many other kinase cascades related to DCP have still been unknown. Studies on these kinase cascades and constructing DCP inhibitors should be further conducted.
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